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976Objectives: The Society of Thoracic Surgeons Adult Cardiac Surgery Database has been linked to the Social Se-
curityDeathMaster File to verify ‘‘life status’’ and evaluate long-term surgical outcomes. The objective of this study
is explore practical applications of the linkage of the Society of Thoracic Surgeons Adult Cardiac SurgeryDatabase
to Social Securtiy Death Master File, including the use of the Social Securtiy Death Master File to examine the ac-
curacy of the Society of Thoracic Surgeons 30-day mortality data.
Methods:On January 1, 2008, the Society of Thoracic Surgeons Adult Cardiac Surgery Database began collect-
ing Social Security numbers in its new version 2.61. This study includes all Society of Thoracic Surgeons Adult
Cardiac Surgery Database records for operations with nonmissing Social Security numbers between January 1,
2008, and December 31, 2010, inclusive. To match records between the Society of Thoracic Surgeons Adult
Cardiac Surgery Database and the Social Security Death Master File, we used a combined probabilistic and
deterministic matching rule with reported high sensitivity and nearly perfect specificity.
Results: Between January 1, 2008, and December 31, 2010, the Society of Thoracic Surgeons Adult Cardiac
Surgery Database collected data for 870,406 operations. Social Security numbers were available for 541,953
operations and unavailable for 328,453 operations. According to the Society of Thoracic Surgeons Adult Car-
diac Surgery Database, the 30-day mortality rate was 17,757/541,953 ¼ 3.3%. Linkage to the Social Security
Death Master File identified 16,565 cases of suspected 30-day deaths (3.1%). Of these, 14,983 were recorded as
30-day deaths in the Society of Thoracic Surgeons database (relative sensitivity ¼ 90.4%). Relative sensitivity
was 98.8% (12,863/13,014) for suspected 30-day deaths occurring before discharge and 59.7% (2120/3551) for
suspected 30-day deaths occurring after discharge.
Conclusions: Linkage to the Social Security Death Master File confirms the accuracy of data describing ‘‘mor-
tality within 30 days of surgery’’ in the Society of Thoracic Surgeons Adult Cardiac Surgery Database. The So-
ciety of Thoracic Surgeons and Social Security Death Master File link reveals that capture of 30-day deaths
occurring before discharge is highly accurate, and that these in-hospital deaths represent the majority (79%
[13,014/16,565]) of all 30-day deaths. Capture of the remaining 30-day deaths occurring after discharge is
less complete and needs improvement. Efforts continue to encourage Society of Thoracic Surgeons Database
participants to submit Social Security numbers to the Database, thereby enhancing accurate determination of
30-day life status. The Society of Thoracic Surgeons and Social Security DeathMaster File linkage can facilitate
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DThe Society of Thoracic Surgeons (STS) Database is the
largest clinical cardiothoracic surgical database in North
America.1 The STS Adult Cardiac Surgery Database
(STS–ACSDB) was established in 1989, and by 2012, it
had accumulated records from 4,713,928 cardiac surgical
operations performed between 1990 and 2011 inclusive.
Accurate and consistent measurement of outcomes is
a central pursuit of the STS, andoperativemortality is the sin-
gle most important metric.2 Operative mortality is defined in
all STS Databases as (1) all deaths, regardless of cause,
occurring during the hospitalization in which the operation
was performed, even if after 30 days (including patients
transferred to other acute care facilities); and (2) all deaths,
regardless of cause, occurring after discharge from the hospi-
tal, but before the end of the 30th postoperative day.2
In regard to the latter criterion, the accuracy of life status
information between discharge and 30 days after surgery
varies among institutions, and addressing this variability
is a major goal of the STS. Thirty-day mortality data
(both before and after discharge) clearly are a critical com-
ponent of operative mortality. On January 1, 2008, in
compliance with the Health Insurance Portability and
Accountability Act of the United States, the STS Database
began collecting unique patient identifiers, including Social
Security numbers (SSNs).1 In 2008, the STS purchased
access to the Social Security Death Master File (SSDMF),
which complements the STS Database by providing accu-
rate short- and long-term survival information. Linking
STS data to SSDMF thus allows for both the ascertainment
and the verification of ‘‘life status.’’
Although short- and long-termmortality is only one mea-
sure of cardiac surgery quality, it is widely accepted and
used as a health care performance metric. Several countries
have identified the value of tracking mortality data longitu-
dinally in combination with disease-specific epidemiologic
surveillance programs. For example, by linking its Central
Cardiac Audit Database to its national death registry, the
United Kingdom has been able to better define health policy
goals and priorities for patients with heart disease.3 Re-
gional experience using the SSDMF to assess long-term
mortality after coronary artery bypass graft surgery hasThe Journal of Thoracic and Caalready proven the feasibility of linking a multi-
institutional cardiac surgical registry to the SSDMF.4 Suc-
cessful linkage of STS adult cardiac surgery data to the
SSDMF has been accomplished on both a single-
institution level5-8 and a multi-institutional level.9
This study has the following goals: (1) to confirm the fea-
sibility of linking the STSDatabase to the SSDMFand (2) to
examine the accuracy of STS 30-day mortality data for all
deaths before the end of the 30th postoperative day, stratified
by whether they occurred before or after hospital discharge.
MATERIALS AND METHODS
Institutional Review Board Approval
The Duke University Health System Institutional Review Board ap-
proved the study and provided a waiver of informed consent. Although
the data used in the analysis contain direct patient identifiers, they were
originally collected for nonresearch quality improvement purposes, and
the risk to patients was deemed to be minimal.10
Society of Thoracic Surgeons Database
As of December 31, 2011, the STS–ACSDB had 1051 participants who
represented 1054 hospitals in theUnited States. An STSDatabase Participant
is a ‘‘practicegroup of cardiothoracic surgeons’’ or, uncommonly, an individ-
ual cardiothoracic surgeon. In the majority of instances, an STS Database
Participant is a hospital cardiac surgery program. Several categories of rela-
tionships between STS Database Participants and hospitals exist: (1) some
hospitals havemore than 1STSDatabase Participant, (2) someSTSDatabase
Participants practice at more than 1 hospital, and (3) some hospitals and STS
Database Participants have exclusive one-to-one relationships. The 2008
American Hospital Association Annual Survey reported that 1088 hospitals
perform cardiac surgery in adults in the United States11; therefore, the STS
believes that current STS-participating hospitals represent more than 90%
of hospitals that provide adult cardiac surgery in the United States.
Although this demonstration project is performed using the
STS–ACSDB, the methodology will eventually be applied to the STS Gen-
eral Thoracic Surgery Database and the STS Congenital Heart Surgery Da-
tabase (Table 1). The STS–ACSDB captures detailed clinical data on adults
undergoing cardiac surgical procedures performed byparticipating surgeons
throughout the United States. The collection and analysis of data over
a 22-year period have been shown to improve patient outcomes.12 Feedback
provided by center-specific reports allows participants to evaluate their own
local results and to compare these results with contemporary national risk-
adjusted benchmarks. By using risk-adjusted data from the STS–ACSDB,
the STS has created risk models with end points of mortality and morbidity
for several common cardiac surgical operations.13-15 The STSDatabase also
has served as the basis for the development of numerous performance
measures that have been endorsed by the National Quality Forum.16
Society of Thoracic Surgeons Cohort
On January 1, 2008, the STS–ACSDB began collecting SSNs in its new
version 2.61. The SSN is manually entered into the STS–ACSDB. This
study includes all STS–ACSDB records for operations with nonmissing
SSNs between January 1, 2008, and December 31, 2010, inclusive. The
SSN field was considered to be nonmissing if it contained 9 numeric char-
acters that were not all zeros.
Social Security Death Master File
The SSDMF is a public-use national database of death records main-
tained by the US Social Security Administration (SSA) as part of their
Numerical Identification Database called ‘‘NUMIDENT.’’ The SSDMF
was created in 1980 by the SSA subsequent to a lawsuit brought by anrdiovascular Surgery c Volume 145, Number 4 977
TABLE 1. Society of Thoracic Surgeons Database participation as of December 31, 2011
Participants in
STS Database
Surgeons in
STS Database
Total operations
in STS Database
Hospitals in
STS Database
Potential hospital
participants Penetration
STS Adult Cardiac
Surgery Database
1051 2960 4,713,928 1054 1088 96.875%
STS General Thoracic
Surgery Database
220 773 268,738 259 ? ?
STS Congenital Heart
Surgery Database
103 (100 in
United States
3 in Canada)
318 181,559 107 (104 in
United States
3 in Canada)
133 (125 in
United States
8 in Canada)
80.45% (83.2% in
United States
37.5% in Canada)
Total STS Database 1374 4369 5,164,225 1420
STS, Society of Thoracic Surgeons.
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Dindividual under the Freedom of Information Act.17 The SSDMF contains
information on all persons assigned an SSN who died after 1962 and whose
death was reported to the SSA. The SSDMF is a useful tool for research
about health care because of its ability to create multiple reports from
a vast array of data, including procedural, geographic, and racial data. The
following description of the SSDMFwas taken from the SSDMFWeb site18:
‘‘The Death Master File (DMF) from the Social Security Adminis-
tration (SSA) contains over 87 million records created from SSA
payment records. This file includes the following information on
each decedent, if the data are available to the SSA: social security
number, name, date of birth, date of death, state or country of res-
idence (2/88 and prior), ZIP code of last residence, and ZIP code of
lump sum payment. The SSA does not have a death record for all
persons; therefore, SSA does not guarantee the veracity of the
file. Thus, the absence of a particular person is not proof this person
is alive.’’
The Duke Clinical Research Institute is the data warehouse and analytic
center of the STS Database. As a registered user, the Duke Clinical Re-
search Institute receives SSDMF data quarterly in the form of raw data
that include SSN, first and last names, date of birth, ZIP code, and date
of death. Oracle data management software (Oracle Corp, Redwood
Shores, Calif) is used to process SSDMF data. Optimal accuracy is esti-
mated after 2 quarters. The present analysis used SSDMF data from the
second quarter SSDMF harvest of 2011.
Society of Thoracic Surgeons–Social Security Death
Master File Record Linkage
To determine 30-day status, records in the STSwere comparedwith a sub-
set of death records from the 2011 Quarter 2 harvest of SSDMF. Linkage be-
tween the STS and the SSDMF was based on a hybrid of deterministic and
probabilistic algorithms as implemented in The Link King Version 6.5 for
Unix software.19 Identifiers used by Link King included SSN, sex, date of
birth, first name, last name, andmiddle initial. The frequency ofmissing iden-
tifiers in STS records was SSN, 0%; sex, 0.02%; date of birth, 1.0%; first
name, 5.3%, last name, 5.2%; middle initial, 38.8%. Records in the STS
and SSDMF were considered to link if they satisfied Link King’s most strin-
gent certainty level criterion. In a previous empirical evaluation, the estimated
sensitivity and positive predictive value of this algorithm were 82.8% and
97.6%, respectively.19 When the SSN is present, the specificity of Link
King’smost stringent algorithm is estimated to be approximately 100% (per-
sonal communication, Kevin Campbell, DrPH, September 12, 2011).
Creation of Social Security Death Master File
Reference Standard 30-Day Status
Patients were classified as 30-day deaths according to the SSDMF if
(1) the STS record linked to the SSDMFwith Link King’s highest certainty
level and (2) the death date on the SSDMF record was within 30 days of the978 The Journal of Thoracic and Cardiovascular Surgoperation date on the STS record. Records meeting this criterion comprised
the denominator for estimating the sensitivity (ie, capture rate) of STS site-
reported 30-day status. Because the STS capture rate is likely to be higher
for deaths occurring in-hospital, SSDMF 30-day deaths were stratified on
the basis of whether the death date on the SSDMF record was on or before
versus after the discharge date on the STS record.
Analysis
Analysis focused on quantifying agreement between 30-day mortality
status as determined by site-report versus linkage to the SSDMF and esti-
mating the relative sensitivity of STS 30-day status using the SSDMF as the
reference standard. Relative sensitivity was defined as the proportion of
SSDMF 30-day deaths that are also 30-day deaths according to the STS.
Sensitivity of STS 30-day status was estimated both overall and separately
for 30-day deaths occurring on or before versus after hospital discharge.
Additional analyses focused on estimating sensitivity of STS 30-day status
for individual STS participants and describing variation across participants.
For analyses of site-specific sensitivity, only participants with at least 10
predischarge and 10 postdischarge 30-day deaths were included.
Impact of Errors in the Reference Standard
Estimates of classification accuracy may be biased if the reference stan-
dard is not itself a true gold standard.20,21 For studying sensitivity, estimates
are unbiased if the reference standard is perfectly specific (ie, no false
positives) and if the classifier and reference standard are conditionally
independent given true classification status. Of note, the reference
standard is not required to have perfect sensitivity for estimates of
sensitivity to be unbiased. In the case of STS 30-day status, the likely im-
pact of using a reference standard with imperfect specificity is to bias esti-
mates of STS sensitivity downward. We have attempted to minimize this
bias by using a record linkage algorithm with approximately 100% antic-
ipated specificity. Because specificity was likely not literally 100%, the
resulting sensitivity estimates should be regarded as providing a lower
bound on the true estimated sensitivity. In other words, the true STS capture
rate is slightly higher than the estimates reported in this manuscript.RESULTS
Availability of Social Security Numbers
Between January 1, 2008, and December 31, 2010, a total
of 870,406 records of operations were entered into the STS–
ACSDB from 1033 STS–ACSDB participants. SSNs were
available for 541,953 operations from 813 STS–ACSDB
participants. SSNs were missing for 328,453 operations.
The final study population for this study was 541,953
STS–ACSDB records for operations with nonmissing
SSNs between January 1, 2008, and December 31, 2010,ery c April 2013
Jacobs et al Acquired Cardiovascular Diseaseinclusive. The frequency of missing data for patient identi-
fiers in this final study population of 541,953 operations was
SSN, 0%; sex, 0.02%; date of birth, 1.0%; first name,
5.3%, last name, 5.2%; middle initial, 38.8%.A
C
DMortality in the Society of Thoracic Surgeons Adult
Cardiac Surgery Database
Between January 1, 2008, and December 31, 2010,
according to STS–ACSDB, the number of deaths before
hospital discharge was 27,278 of 870,406 (3.13%). In addi-
tion, according to the STS–ACSDB, the number of 30-day
deaths was 29,179 of 870,406 (3.35%).
According to the STS–ACSDB, the rate of 30-day mor-
tality was similar between those who did not have an SSN
(11,422/328,453 operations ¼ 3.47%) and the final study
population of those with an SSN (17,757/
541,953 ¼ 3.28%). Table 2 documents the frequency of
STS-reported 30-day mortality among hospitals grouped
by completeness of reporting of SSN. These data
(Table 2) reveal that the STS-reported 30-day mortality
rate is similar regardless of the completeness of SSN data.Accuracy of the 30-Day Mortality Data in the Society
of Thoracic Surgeons Adult Cardiac Surgery
Database
The results below all pertain only to the final study pop-
ulation of those with SSNs. Linkage to SSDMF identified
16,565 cases of suspected 30-day deaths (3.1%). Of these,
14,983 were recorded as 30-day deaths in the STS–ACSDB
(relative sensitivity ¼ 90.4%) (Table 3). Overall, 1582 30-
day mortalities that were identified by SSDMF were missed
in the STS–ACSDB (0.29% of 541,953 operations with
known SSN and 9.6% of 16,565 30-day mortalities identi-
fied by SSN). Relative sensitivity was 98.8% (12,863/
13,014) for suspected 30-day deaths occurring before dis-
charge and 59.7% (2120/3551) for suspected 30-day deaths
occurring after discharge (Table 4).
A total of 104 participants met the criterion of at least ten
30-day deaths before and ten 30-day deaths after discharge
and were included in site-specific analyses (Table 5 and
Figure 1). In site-specific analyses, relative sensitivity
ranged from 43% to 100% (interquartile range, 82%-
94%) for all 30-day deaths, from 0% to 100% (interquar-
tile range, 35%-77%) for 30-day deaths occurring afterTABLE 2. Frequency of Society of Thoracic Surgeons–reported 30-day m
number reporting
Completeness of SSN data No. of participants Nu
<1% complete 237
1%-99% complete 429
>99% complete 367
SSN, Society Security number; STS, Society of Thoracic Surgeons; CI, confidence interva
The Journal of Thoracic and Cadischarge, and from 64% to 100% (interquartile range,
98%-100%) for 30-day deaths occurring before discharge.Analysis of Factors That Can Create Challenges to
Capture of 30-Day Mortality Occurring After
Discharge
We analyzed the impact of several factors that can create
challenges to capture of 30-day mortality occurring after
discharge: (1) the location of discharge (home, other hospi-
tal, extended care/transitional care unit, nursing home, hos-
pice, other); (2) the annual volume of cardiac operations at
the hospital; and (3) the distance from the patient ZIP code
to the hospital ZIP code.
Table 6 reports the relationship between the location of
discharge from the hospital and the relative sensitivity of
the STS–ACSDB for capturing 30-day deaths occurring af-
ter discharge. Thirty-day deaths occurring postdischarge are
captured best for patients discharged to home and worst for
patients discharged to a nursing home.
Table 7 reports the relationship between the annual vol-
ume of cardiac operations at the hospital and the relative
sensitivity of STS–ACSDB for capturing 30-day deaths
occurring after discharge. Thirty-day deaths occurring post-
discharge are captured worst at high-volume hospitals per-
forming more than 1000 cardiac operations per year,
a finding that might be related to the sheer cost and number
of full-time employees necessary to ascertain vital status af-
ter discharge at 30-days in these high-volume programs.
Table 8 reports the relationship between the distance from
the patient ZIP code to the hospital ZIP code and the relative
sensitivity of STS–ACSDB for capturing 30-day deaths oc-
curring after discharge. These data show a trend to better
capture of 30-day deaths occurring postdischarge when the
patient lives closer to the hospital performing the surgery.DISCUSSION
Contributions of the Current Study
The STS–ACSDB has been successfully linked to
SSDMF. Our initial use of the STS-SSDMF link9 docu-
mented survival probabilities at 30 days and 1 year for 9
common cardiac operations: isolated coronary artery by-
pass grafting (with all vein grafts, a single thoracic artery
graft, bilateral thoracic artery grafts, and all arterial grafts),
isolated aortic valve replacement (with mechanicalortality among hospitals grouped by completeness of Social Security
STS-reported 30-day mortality rate
merator Denominator Percentage (95% CI)
7292 216,835 3.36% (3.29-3.44)
12,055 354,345 3.40% (3.34-3.46)
9832 299,226 3.29% (3.22-3.35)
l.
rdiovascular Surgery c Volume 145, Number 4 979
TABLE 3. Agreement between 30-day status as determined by Social
Security Death Master File linkage versus Society of Thoracic
Surgeons site report
SSDMF 30-d status
STS 30-d status
TotalDead Alive
Dead 14,983 1582 16,565
Alive 2774 522,614 525,388
Total 17,757 524,196 541,953
STS, Society of Thoracic Surgeons; SSDMF, Social Security Death Master File.
TABLE 5. Distribution of site-specific sensitivity estimates for Society
of Thoracic Surgeons 30-day status
Timing Minimum 25th 50th 75th Maximum
30-d, all 43% 82% 88% 94% 100%
30-d, postdischarge 0% 35% 60% 77% 100%
30-d, predischarge 64% 98% 100% 100% 100%
Acquired Cardiovascular Disease Jacobs et al
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Dprosthesis and with biologic prosthesis), isolated mitral
valve replacement (with mechanical prosthesis and with bi-
ologic prosthesis), and isolated mitral valve repair. This cur-
rent analysis using the STS-SSDMF link confirms the
current degree of accuracy of data describing ‘‘mortality
within 30 days of surgery’’ in the STS–ACSDB. The
STS-SSDMF link suggests that capture of 30-day deaths oc-
curring before discharge is highly accurate; however, cap-
ture of 30-day deaths occurring after discharge needs
improvement. Lessons learned from this exercise can facil-
itate ongoing refinement of mortality reporting. Efforts con-
tinue to encourage STS Database participants to submit
SSNs to the STS and to enhance accurate determination
of 30-day life status by STS Database participants.
In comparison with life status at hospital discharge,
30-day life status information is less accurately captured
in the STS–ACSDB. Multiple strategies are being imple-
mented to address the challenge of accurate capture of
deaths occurring within 30 days but after hospital discharge,
including (1) education of database participants about the
importance of this information, (2) refinements to the data
collection form of the STS–ACSDB, (3) audits and site
visits to confirm the accuracy of all data in the STS–
ACSDB, (4) linkage of the STS–ACSDB to external na-
tional registries of life status, (5) and efforts to increase
the rate of submission of SSN. The data collection form
of the STS–ACSDB has been enhanced to allow for docu-
mentation not only of life status at 30 days but also of the
method used to verify life status at 30 days. Choices in-
clude: telephone call to patient or family, letter from medi-
cal provider, evidence of life in medical record (laboratory
tests, cardiac rehabilitation visits, and so on), office visit to
surgeon more than 30 days after procedure, SSDMF, and
other. In addition, STS plans to increase the number of sites
undergoing audit in all STS Database from 5% (in 2012) to
8% (in 2013) and 10% (in 2014). Also, the SSN is currentlyTABLE 4. Estimated sensitivity of Society of Thoracic Surgeons 30-
day status using Social Security Death Master File 30-day status as
reference standard
All 30-d deaths
30-d deaths occurring
postdischarge
30-d deaths occurring
predischarge
90.4%
(14,983/16,565)
59.7%
(2120/3551)
98.8%
(12,863/13,014)
980 The Journal of Thoracic and Cardiovascular Surgmanually entered into the STS–ACSDB; however, in the fu-
ture, scanning the SSN from a bar code might increase the
accuracy of collection of this 9-digit code. Finally, links to
national death registries have been operationalized but
face a unique set of challenges that will be discussed in
detail next.Future Challenges
The SSDMF contains a mix of life status information
from federal and state sources. Unfortunately, the SSA re-
cently determined that as of November 1, 2011, death infor-
mation from states cannot be redisclosed except to federal
benefit-paying agencies.22 Because information obtained
from states constitutes approximately 40% of records,
Blackstone22 concluded that ‘‘This renders the SSDMFFIGURE 1. Distribution of estimated site-specific sensitivity for ascer-
taining 30-day status.
ery c April 2013
TABLE 6. Relationship between discharge location and relative
sensitivity of Society of Thoracic Surgeons 30-day status for
capturing 30-day deaths occurring postdischarge
Discharge location Numerator Denominator*
Relative sensitivity
(95% CI)
Home 817 1400 58.4% (55.8-60.9)
Other hospital 199 348 57.2% (52.0-62.4)
Extended care/TCU 620 1095 56.6% (53.7-59.6)
Nursing home 90 183 49.2% (41.9-56.4)
Hospice 122 227 53.7% (47.3-60.2)
Other 14 25 56.0% (36.5-75.5)
Numerator represents 30-day deaths occurring postdischarge that are captured in the
30-day status field of the Society of Thoracic Surgeons Adult Cardiac Surgery
Database. Denominator represents 30-day deaths occurring postdischarge that are
documented in the Social Security Death Master File. CI, Confidence interval;
TCU, transitional care unit. *Excludes patients with missing data for discharge loca-
tion and patients classified as in-hospital deaths by the STS.
TABLE 8. Relationship between distance from patient to hospital ZIP
codes and relative sensitivity of Society of Thoracic Surgeons 30-day
status for capturing 30-day deaths occurring postdischarge
Distance from
patient to hospital
ZIP codes Numerator Denominator*
Relative sensitivity
(95% CI)
<5 604 905 66.7% (63.7-69.8)
5-9 455 671 67.8% (64.3-71.3)
10-14 196 342 57.3% (52.1-62.6)
15-29 369 637 57.9% (54.1-61.8)
30-49 209 396 52.8% (47.9-57.7)
50-99 147 309 47.6% (42.0-53.1)
100-199 53 111 47.7% (38.5-57.0)
200þ 36 71 50.7% (39.1-62.3)
Numerator represents 30-day deaths occurring postdischarge that are captured in the
30-day status field of the Society of Thoracic Surgeons Adult Cardiac Surgery
Database. Denominator represents 30-day deaths occurring postdischarge that are
documented in the Social Security Death Master File. CI, Confidence interval.
*Excludes patients with missing data for patient or hospital ZIP codes.
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Duseless for biomedical research.’’ The STS is exploring leg-
islative strategies to address these restrictions on the use of
SSDMF data.
TheSTS is also exploring other reliablemedical sources of
death data.23 The STS has used CMS data to verify life status
ofMedicare beneficiaries.24TheSTShas also exploreduse of
the National Death Index (NDI). The NDI is managed by the
National Center for Health Statistics (NCHS) of the Centers
for Disease Control and Prevention of the Department of
Health and Human Services (HHS) and is populated by
data received directly from the State registrars under an
HHS/Centers for Disease Control and Prevention/NCHS
contract,which stipulates that (1) reimbursement beprovided
to the states through a fee for service system, and (2) the con-
fidentiality of the data be protected byNCHS (researchers do
not have direct access to the data); rather, the NCHSmatches
theSSNsprovidedby the researcherswith the information re-
quested (eg, fact of death or cause of death). Creation of an
STS-NDI link requires overcoming 3 obstacles:
1. NDI use is limited to medical or health care research. It
cannot be used for legal or administrative purposes.17TABLE 7. Relationship between hospital volume and relative
sensitivity of Society of Thoracic Surgeons 30-day status for
capturing 30-day deaths occurring postdischarge
Hospital annual
volume of cardiac
operations Numerator Denominator
Relative sensitivity
(95% CI)
<200 481 767 62.7% (59.3-66.1)
200-299 507 764 66.4% (63.0-69.7)
300-399 313 532 58.8% (54.7-63.0)
400-499 235 369 63.7% (58.8-68.6)
500-999 485 908 53.4% (50.2-56.7)
1000þ 99 211 46.9% (40.2-53.7)
Numerator represents 30-day deaths occurring postdischarge that are captured in the
30-day status field of the Society of Thoracic Surgeons Adult Cardiac Surgery
Database. Denominator represents 30-day deaths occurring postdischarge that are
documented in the Social Security Death Master File. CI, Confidence interval.
The Journal of Thoracic and CaMeanwhile, the primary purpose of the STS Database
is quality improvement, which is not research but is
defined as health care operations under the Health Insur-
ance Portability and Accountability Act.
2. The NDI has a 2-year lag between collection of data and
access of the user to that data.17 With SSDMF, estima-
tion of optimal accuracy is after 2 quarters.9
3. The NDI is expensive. Verifying the life status of all pa-
tients in the STS Database would cost well more than 1
million dollars, whereas a single issue of SSDMF, which
is published quarterly, costs $1730.17Potential Solutions
There are potential solutions to these problems. First, the
NDI could allow the STS to verify life status, because this
activity is consistent with their definition of medical or
health care research. Second, the NDI currently releases
both date of death and cause of death 2 years after collec-
tion; however, the NDI could release date of death 6 months
after collection and cause of death on their current schedule
2 years after collection. Third, the NDI is developing
a ‘‘bulk purchase’’ platform, but even this new option is
too expensive for routine use of the NDI by STS. The
STS is exploring strategies that would make the NDI afford-
able for the purposes of verifying life status in the process of
conducting health care operations.
Within the Department of HHS, several efforts are ongo-
ing that attempt to ensure that alternatives can be found for
nonfederal researchers who have relied on the public
SSDMF to determine when and where individuals who
are part of their longitudinal cohort studies died. In the short
term, a strategy under consideration in HHS would help
support nonfederal researchers by improving the speed of
processing NDI as a proxy data resource for any of the stud-
ies that previously relied on the SSDMF. Another optionrdiovascular Surgery c Volume 145, Number 4 981
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Dthat is being assessed is the potential for the provision of ac-
cess to a more restricted version of the SSA data through the
regional Research Data Centers (RDCs) of the Census
Bureau. These data centers are secure enclaves to which ac-
ademic researchers can submit proposals to access relevant
data in a secure environment that would meet confidential-
ity requirements. The NCHS currently has an arrangement
with the RDCs of the Census Bureau to provide access to
several confidential NCHS data sets. Under this scenario,
all the agencies supporting grantees that conduct research
affected by the current restrictions in obtaining access to
SSDMFwould need to attempt to negotiate new agreements
with the states in which (1) some form of SSDMF (includ-
ing state records) would be available through the RDCs of
the Census Bureau; (2) the department would then need to
administer the access to the data for its grantees, including
the collection of fees; and (3) researchers would pay a use
fee commensurate with agreement with the states. The via-
bility of this option, the associated costs, and the timeframe
of implementation are all currently being assessed. These
collaborative efforts are laudable, but will not be feasible
if access is limited to a project by project basis. In addition,
there are efforts in Congress to pass legislation that contains
language that would establish a system to certify persons
who are eligible to access the SSDMFwho have a legitimate
interest in accessing the data.
Study Limitations
A limitation of this analysis is that a small number of
deaths might be missed by errors in linkage of records.
An additional limitation is that not all deaths are captured
by the SSDMF, including deaths of patients without SSNs
and deaths of patients with SSNs that are not reported to
the SSA. In people with an SSN, the SSDMF has been re-
ported to have up to 99.6% sensitivity.9,17 The fact that
the SSDMF is not a true gold standard does not diminish
the importance of the findings reported in this article, as
previously discussed in the section titled ‘‘Impact of
Errors in the Reference Standard,’’ which describes our
strategy for dealing with potential errors in the SSDMF
itself.
Another limitation of this analysis is that we cannot
assess the accuracy of reporting of 30-day mortality at
the minority of sites that do not report SSNs. It is possible
that the programs that did not report SSNs actually had
a higher degree of underreporting of 30-day mortality
than the programs that did report SSNs. However, the in-
formation obtained from those programs that do report
SSNs still has value for assessing longitudinal outcomes
after cardiac surgery9 and for developing strategies to
improve the STS Database. Furthermore, programmatic
STS-reported 30-day mortality rate is similar regardless
of the completeness of SSN data (Table 2), and the STS-
reported rate of 30-day mortality was similar between982 The Journal of Thoracic and Cardiovascular Surgpatients who did not have an SSN (3.47%) and the final
study population of patients with SSN (3.28%). Finally,
no evidence exists to suggest that programs that did not re-
port SSNs actually had a higher degree of underreporting
of 30-day mortality than the programs that did report
SSNs. The usual reason that hospitals do not report SSNs
is that their administrations are concerned about regula-
tions related to patient confidentiality and not because of
a desire to conceal mortality. Consequently, STS has pub-
lished details about the methodology by which SSNs can
be reported to the STS Database in compliance with all
governmental regulations related to patient confidentiality,
including the Health Insurance Portability and Account-
ability Act.10
An ideal electronic mechanism to determine all-cause
mortality follow-up would exploit multiple national data-
bases to ensure complete accuracy, but such a strategy is
currently not easily feasible. Although the SSDMF is im-
perfect, there is no reason to believe that the imperfections
in sensitivity and specificity inherent to SSDMF are nonran-
dom with respect to comparisons of outcomes after alterna-
tive surgical treatments. In other words, if we are to
compare mitral repair versus mitral replacement, the low
level of inaccuracy inherent in the SSDMF is likely to occur
randomly in the 2 groups being compared. Thus, the validity
of the conclusions would not be jeopardized by the imper-
fections of the SSDMF.
Summary
This current analysis reveals that the majority of all
30-day deaths occur in-hospital, where 98.8% of 30-day
deaths found in the SSDMF are captured by the STS. Efforts
at the STS are ongoing to increase the accuracy of capture of
30-day deaths occurring after discharge. Many of the chal-
lenges associated with the longitudinal analysis of out-
comes of health care would be addressed by a national
unique patient identifier that allowed for the tracking of
patients over time. Short of the creation of such a national
unique patient identifier, the next best option would be for
the Federal government to make available an accurate list
of deaths to those performing health care research. Such
research is currently limited by Federal privacy regulations
that dissuade some programs from sharing SSNs and by the
recent limitations placed on the SSDMF.
Longitudinal analysis of outcomes, and especially vital
status, is an increasingly important focus of research related
to health services, particularly for comparative effectiveness
analyses. All possiblemeans should be used to ensure the ac-
curacy of these longitudinal data on an ongoing basis. These
longer-term data must be captured with high accuracy,
whichwill be enhanced by the ability to link clinical registry
data with federal and commercial payer claims databases.
Public policies promoting appropriate secure access to,
and interoperability among, these datasets are highlyery c April 2013
Jacobs et al Acquired Cardiovascular Diseasedesirable to determine optimal treatment strategies in an in-
creasingly resource-constrained health care environment.DCONCLUSIONS
The successful linking of the STS Database to the
SSDMF has substantially increased the power of the STS
Database and confirms the accuracy of data describing
‘‘mortality within 30 days of surgery’’ in the STS–ACSDB.
The STS-SSDMF link reveals that capture of 30-day deaths
occurring before discharge is highly accurate, and that these
in-hospital deaths represent the majority of all 30-day
deaths. Capture of the remaining 30-day deaths occurring
after discharge is less complete and needs improvement. Ef-
forts continue to encourage submission of SSN to STS and
to enhance accurate determination of 30-day life status by
STS–ACSDB participants. Lessons learned from the
STS—SSDMF linkage can facilitate ongoing refinement
of mortality reporting to enhance the credibility and diffu-
sion of this type of analytic framework.A
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